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SUMMARY 

/W/ 
This  r e p o r t  d e s c r i b e s  mechanical and e lectr ical  modifi-  

c a t i o n s  t o  t h e  Aerobee Sounding Rocket 's  parachute  recovery 
pack. The adap ta t ions  were performed by personnel  of t h e  
Sounding Rocket Instrument a t i o n  Sec t ion .  

Improvements i n  both mechanical and e lec t r ica l  modifi-  
c a t i o n s  provided p res su r i zed  parachute  recovery packs t o  
m e e t  exper imenters '  requirements  and a h igher  degree of 
re 1 i a b i  1 i t y  . 
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AEROBEE PARACHUTE RECOVERY 

PACK MODIFICATIONS 

INTRODUCTION 

These mod i f i ca t ions  d e a l  w i th  a l l  Aerobee parachute  
recovery  packs. Mr. Flynn w a s  r e s p o n s i b l e  f o r  t he  mechani- 
cal  mod i f i ca t ion  t h a t  e n t a i l e d  t h e  a d a p t a t i o n  of t h e  Aerobee 
parachute  recovery pack from a non-pressurized u n i t  t o  a 
p r e s s u r i z e d  one, mee t ing  experimenters  p r e r e q u i s i t e .  The 
p r e r e q u i s i t e  w a s  t h a t  no outgass ing  or contaminat ion from 
b a t t e r i e s  or any o t h e r  m a t e r i a l s  used i n  t h e  payload t h a t  
might r u i n  emulsion packs,  f i l m ,  or o t h e r  e s s e n t i a l  data  be 
used i n  recover ing  u n i t s .  Mr. Groves w a s  r e s p o n s i b l e  f o r  
t h e  e lectr ical  mod i f i ca t ion  t h a t  changed t h e  a c t u a t o r  box 
w i t h i n  t h e  parachute  recovery pack, making t h e  u n i t  more 
a c c e s s i b l e  from t h e  o u t s i d e  of t h e  parachute  recovery  pack 
c a n i s t e r  . 
PARACHUTE RECOVERY PACKS 

Parachute  recovery packs perform t h e  necessary  f u n c t i o n  
of p reven t ing  high-impact damage t o  v i t a l  i n s t rumen ta t ion  
aboard r o c k e t  v e h i c l e s .  Without some means of slowing t h e  
f r e e - f a l l  of such v e h i c l e s ,  t h e  deceleration and shock of 
e a r t h  impact would r e s u l t  i n  v i r t u a l  d e s t r u c t i o n  of t he  m o s t  
rugged equipmqnt, completely des t roy ing  t h e  va lue  of f r a g i l e  
i t e m s  such as cameras and e l e c t r o n i c  gear .  

A s  t h e  parachute  recovery pack is comparat ively s imple 
i n  des ign  and o p e r a t i o n ,  its r e l i a b i l i t y  is high. By e i t h e r  
ground-cont ro l led  or automatic command, t h e  parachute  is de- 
p loyed ,  and t h e  v e h i c l e  i n s t rumen ta t ion  g e n t l y  f l o a t s  t o  
e a r t h .  I n  some c a s e s ,  a r a d i o  beacon i n  the  in s t rumen ta t ion  
c o n t a i n e r  a ids  t h e  d i rec t  sea rch  o p e r a t i o n  and speeds recovery.  

The f a c e t  of r e l i a b i l i t y  adds t o  t h e  chances of a t t a i n i n g  
a s u c c e s s f u l  miss ion  and recover ing  d a t a  t h a t  would be o the r -  
w i s e  l o s t .  F u r t h e r ,  t h e  number of launchings r e q u i r e d  is 
reduced by recovery techniques s i n c e  more complete informat ion  
can  be ob ta ined  from a s p e c i f i c  f i r i n g .  When recovery methods 
are n o t  used,  t h e  f l i g h t  va lue  is g r e a t l y  reduced. 

The aforementioned f a c t o r s  i n d i c a t e  t h e  importance of 
recovery  and immeasurably j u s t i f y  the  cost  of development and 
u t i l i z a t i o n  of a parachute  recovery pack i n  each launching.  
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PRESSURIZING FORWARD BULKHEADS 

The parachute  ex tens ions  a r e  r ece ived  from t h e  manufacturer  
i n  an unpressur ized  cond i t ion .  The forward end has  a 2-inch 
d iameter  ho le ;  f o u r  (4) 0.406-inch diameter  h o l e s ;  and f o u r  (4) 
1/4-28 Rosan s t u d s  are i n s t a l l e d ,  d r i l l e d ,  and tapped through 
t h e  bulkhead. A l l  of t h e s e  openings must be s e a l e d .  

To o b t a i n  t h e  p r e s s u r i z e d  c o n d i t i o n  of t h e  parachute  can i s -  
t e r  r equ i r ed  by t h e  s c i e n t i s t  or exper imenter ,  such t h a t  no out- 
gas s ing  or contaminat ion from b a t t e r i e s  or o t h e r  materials used 
i n  t h e  payload occur s ,  t h e  forward bulkhead w a s  modified by 
i n c o r p o r a t i n g  t h e  fo l lowing  mechanical a d a p t a t i o n s :  

1. A threaded  adap te r  O-ring nut  (D. R.  AZ-4-008) , 
designed t o  f i t  t h e  f o u r  3/8-24 s t u d s  t h a t  ca r ry  t h e  main c h u t e  
load  through t h e  f o u r  (4) 0.406-inch diameter  h o l e s ,  is i n s t a l l e d  
on each s t u d  t o  seal  t h e  bulkhead a t  each ho le .  The h e i g h t s  of 
t h e  adap te r s  are minimized t o  avoid any i n t e r f e r e n c e  w i t h  a 
payload loca ted  over t h e  parachute  bulkhead (see  F igu re  1 ) .  

2. A p l a t e ,  designed wi th  an O-ring s ea l ,  is used,  
as shown i n  Figure 2 ,  employing a des ign  which al lows s e a l i n g  
of t h e  2-inch diameter  ho le  and, a t  t h e  same t i m e ,  i n s t a l l a -  
t i o n  of a through-bulkhead f i t t i n g  t o  c a r r y  through a l l  elec- 
t r i c a l  connect ions.  Holes are ma tch -d r i l l ed  through t h i s  
p l a t e ,  i n t o  t h e  chute  e x t e n s i o n ,  and then  are b l i n d - d r i l l e d  
and b l ind-  tapped,  

3. The 1/4-28 Rosan s t u d s  are s e a l e d  i n s i d e  and 
o u t s i d e  of t h e  ex tens ion  wi th  G. E. G lyp to l ,  N o .  1201, or 
Loc t i t e  . 

4. A t  least t w o  antenna (UG-492) c o a x i a l  feed- 
through connectors  are i n s t a l l e d .  

5. I n  machining t h e  above openings (mod i f i ca t ion  41, 
t hey  are back-bored on t h e  i n s i d e  of t h e  parachute  e x t e n s i o n  t o  
allow mating of t h e  p r e s s u r i z e d  f i t t i n g s  and connec tors .  

6. The h o l e s  are spot - faced  and ready t o  be b l ind -  
d r i l l e d  and bl ind-tapped around t h e  2-inch d iameter  h o l e ,  as 
shown i n  Figure 3. 

7. With t h e  parachute  i n s t a l l e d ,  t h e  2-inch d iameter  
h o l e  is sea l ed  wi th  t h e  p l a t e  through-bulkhead f i t t i n g  i n s t a l l e d ,  
as shown i n  Figure 2. 
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I n  a d d i t i o n ,  an i n v e s t i g a t i o n  w a s  made of t h e  former c i r -  
c u i t  t o  determine the  a b i l i t y  of t h e  mercury b a t t e r y  t o  meet 
a 1-amp a l l - f i r e  c u r r e n t  p e r  b r i d g e ,  as recommended by t h e  
ordnance manufacturer ,  Beckman and Whitley.  C a l c u l a t i o n s  con- 
f i rmed t h a t  t h e  mercury b a t t e r y  would no t  provide  t h e  1-amp 
a l l - f i r e  c u r r e n t  p e r  b r i d g e ,  as r equ i r ed .  F igu res  5 and 6 ,  and 

I t h e  associated c a l c u l a t i o n s ,  i l l u s t r a t e  t h i s  p o i n t .  

8. When an A t t i t u d e  Cont ro l  System AN f i t t i n g  is 
used ,  feed-through ho le  must a l s o  be spot - faced  and back- 
counterbored ( a s  shown i n  F igure  2 ) .  

I ACTUATION C I R C U I T  

This  completes t h e  mod i f i ca t ion  t o  t h e  forward bulkhead, 
p r e s s u r i z i n g  it to  meet exper imenters '  requirements .  

PARACHUTE ACTUATION CIRCUITRY 

The p r i m a r y  f u n c t i o n  of t h e  a c t u a t i o n  c i r c u i t  is t o  in-  
i t i a t e  the  primacord which s e v e r s  t h e  parachute  cover  assembly .  
When t h i s  cover  is p u l l e d  away from the  payload by aerodynamic 
d r a g ,  the p i l o t  chu te  is e x t r a c t e d .  This  sequence occurs  a t  
approximately 18,000 f e e t  on t h e  downward l e g  of t h e  t r a j e c t o r y .  

The former a c t u a t i o n  c i r c u i t ,  as s u p p l i e d  by Space-General 
Corporat ion under P/N 2-070408, is  shown i n  F igu re  4. I t  w a s  
conta ined  i n  a metal box, t h e  dimensions of which were 2 x 4 x 
6 i n c h e s ,  w i th  a s h i e l d e d  i n s u l a t e d  f i r i n g  cable wi th  connec tor ,  
and a r e c e p t a c l e  f o r  checkout and t e l e m e t r y .  The previous  
c i r c u i t  cons i s t ed  of e i g h t  (8) barometr ic  p r e s s u r e  swi t ches  
( fou r  (4) 20,000-foot and f o u r  (4) 50,000-foot) Er ickson  Type 
ES-4; two r e l a y s ,  General  E lec t r ic  Type 3S2791G210; f i v e  (5) 
Eveready Mercury ce l l s  , Type E12 , ser ies  connected (6.75 v o l t s )  
f o r  s q u i b  power; and a 33-volt  Burgess D r y  B a t t e r y ,  Type XX22 
f o r  r e l a y  power. 

SQUIB FIRING C I R C U I T  

The former a c t u a t i o n  c i r c u i t  w a s  u t i l i z e d  i n  t h e  g e n e r a l  
o v e r - a l l  improvement program, S e v e r a l  component changes w e r e  
made which increased the  r e l i a b i l i t y ,  The 33-volt  Burgess XX22 
Dry  b a t t e r y ,  used f o r  r e l a y  power, w a s  r e p l a c e d  w i t h  a n i c k e l  
cadmium b a t t e r y .  I t  is no t  cons ide red  good eng inee r ing  p r a c t i c e  
t o  use  a d r y  b a t t e r y  as a power s o u r c e  f o r  space  payload a p p l i -  
c a t i o n s  , because d r y  b a t t e r i e s  are no t  des igned  t o  wi ths t and  
t h e  environment encountered i n  space  v e h i c l e s .  Nicke l  cadmium 
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B 1  (SQUIB 3ATTERY) 5 RM-12 CELLS L 6.75  VOLTS 
R 1  (INTERNAL RESISTANCE) = 2 . 5  Or'MS 
R2 (CIRCUIT RESISTANCE) - LESS TI'AN 1 OEh,  USE 1 OY' 
s1/s2 (SQUIB RESISTANCE) = 3 to 7 oms EACU 

' .  It = B 1  m 6.75 = 6.75 = I . j 5  AIIPS 
Rl+R2+Sl X S2 2 . 5  + 1 + 1 . 5  5 

Sl + s2 

2 .  s1 = s2 = 7 091s 

I = 6.75  = 0.964 AMPS 
2.5+ 1+ 3 . 5  

- = 0.482 A4PS Is1 - Ist 
3. S! = 3 OHMS, S2 = 7 OHMS 

It = 6 - 7 5  = 1.22'  AMPS 
2 . 5 + 1 + 2 . ~  

= 6 . 7 5 - V ~ ; + ~ 2  = 6.75-(1.225 X 3.5) := 6.75 - 4.28 = 2.47 VOLTS "squ ibs  \ 

IS1 = = 0.82 AMPS 

I s 2  - - & 2 47 = 0.35 AMPS 
7 

F i g u r e  5 .  Squib F i r i n g  C i r c u i t  S c h e m a t i c  and C a l c u l a t i o n s  
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. -  I 
ALTERNATE FIRING CIRCUIT SCHEMATIC (WHITE SANDS) 

B l  (SQUIB BATTERY) 5-RM-12R CELLS = 6.75 VOLTS 
R 1  (INTERNAL RESISTANCE) = 2.5 OHMS 
R2 (CIRCUIT RESISTANCE) = LESS THAN 1 OHM, USE 1 OHM 
R3/R4 (EXTERNAL BRIDGE) = 10 OHMS EA. 
R5 (STATIC CHARGE GND) = l O O K  OHMS 
Sl/S2 (SQUIB RESISTANCE) = 3 t o  7 OHMS EA. 

CALCULATIONS OF F I R I N G  CURRENT 
1. S1 = S2 = 3 OHMS 

It = B 1  - 6.75 = 0.831 AMPS - 
Rl+R2+(Sl+S2) (R3+R4) 2.5+1+6 x. 20 

26 s1+ S2+ R3+R4 

V,1 + V p =  E B l  - I,(Rl+R2) = 6 . 7 5 - ( 0 . 8 3 1 ~ 3 . 5 )  = 3.84 VOLTS 
V S 1  = vs2 = 1. 92 VOLTS 

- 1.92 = 0.640 A M P S  Is1 = I s 2  - - 
3 

2. S 1  = S2 = 7 OHMS 

= 6.75 = 0.575 AMPS It = 6.75 - 
2 . 5 + 1 + ( 1 4 ~ 2 0 )  11.74 

34  

7 
3. Sl=O, S2= 7 OHMS (Sl shorted) 

= 6.75 = 0.887 AMPS - It = B l  
Rl+R2+ (S2xR4) 7.62 

S2+R4 

1, = B l  = 6.75 = 0.383 AMPS 
.Rl+R2+R3t&xR4) 2.5+1+10+70 

S2+R4 17 
- 

Vs2 = E B ~ - I ~ ( R ~ + R ~ + R ~ )  = 6.75-(0 .383~13.5)  = 1.58 VOLTSX 
Is2 = 1.58 = 0.224 AMPS 

7 

Figure 6 .  Alternate F i r ing  Circui t  Schematic accl Calculations 
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b a t t e r i e s  were chosen because of t h e i r  a b i l i t y  t o  d e l i v e r  h ighe r  
c u r r e n t  a t  s t a b l e  v o l t a g e s  over  a wide range of tempera ture ,  v i -  
b r a t i o n ,  and shock;  a l so ,  t h e i r  recharg ing  a b i l i t y  and a minimum 
amount of maintenance r e q u i r e d  was advantageous. The two General 
E lec t r i c  r e l a y s ,  Type 3327916210 were r ep laced  w i t h  F i l t o r  r e l a y s ,  
Type V14WDK18A. The General Electr ic  re lays  are double-pole,  
double-throw types  wi th  2-amp c o n t a c t  r a t i n g  and w i l l  wi ths tand  
t h e  fol lowing environment: 

V i b r a t i o n  - 20 g ' s  a t  55--2000 CPS 

Operate over  t h e  temperature  range of -65OC t o  +125OC. 
Shb,ck - 50 g ' s  . 

The F i l t o r  r e l a y  is a s i x - p o l e ,  double-throw r e l a y  wi th  
5-amp contacts and w i l l  wi ths tand  t h e  fo l lowing  environment: 

V i b r a t i o n  - 30 g ' s  a t  5--3000 CPS 

Operate over  t h e  temperature  range of -65OC t o  +125OC. 
Shock - 100 g ' s  

By us ing  t h e  F i l t o r  r e l ay ,  t w o  sets of c o n t a c t s  are used i n  
p a r a l l e l  f o r  redundancy. The mercury b a t t e r y ,  5 c e l l s  i n  series 
(6.75 v o l t s ,  3600 milliamp-hour c a p a c i t y  a t  a 62 mil l iamp d i s -  
charge r a t e ) ,  p rev ious ly  used t o  f i r e  bo th  s q u i b s ,  w a s  r ep laced  
by two n icke l  cadmium ba t te r ies ,  Gulton No. 10V0.250, (12-vol t ,  
250 milliamp-hour c a p a c i t y  a t  a 250 mil l iamp d i scha rge  r a t e ) .  
The n i c k e l  cadmium b a t t e r y  w a s  chosen because t h e  r e s u l t s  of a 
1-amp d ischarge  r a t e  on both  b a t t e r i e s  showed t h a t  t h e  mercury 
b a t t e r y  had less than  a 16 milliamp-hour c a p a c i t y  a t  a 1 ampere 
d i scha rge  rate. I n  comparison, t h e  n i c k e l  cadmium b a t t e r y  had 
a 285 milliamp-hour c a p a c i t y  a t  a 1 ampere d i scha rge  ra te .  
This  t es t  conc lus ive ly  showed t h a t  t h e  c a p a c i t y  of t h e  mercury 
b a t t e r y  broke down cons ide rab ly  f a s t e r  t han  t h e  n i c k e l  cadmium 
b a t t e r y ,  

I n  the  former c i r c u i t ,  bo th  s q u i b s  were f i r e d  by one 
b a t t e r y ;  i n  t h e  p r e s e n t  c i r c u i t ,  e ach  s q u i b  is f i r e d  by a 
s e p a r a t e  b a t t e r y ,  thereby  i n c r e a s i n g  s y s t e m  r e l i a b i l i t y  through 
redundancy. F igu re  7 i l l u s t r a t e s  t h e  modif ied parachute  assem- 
b l y  a c t u a t i o n  box s q u i b  f i r i n g  c i r c u i t .  

The former a c t u a t i o n  c i r c u i t  w a s  housed i n  a metal box 
2 x 4 x 6 i nches ,  weighing 2 pounds 16 ounces ( see  F igure  4 ) .  
This  box w a s  mounted on t h e  pa rachu te  c y l i n d e r ,  which w a s  in -  
s t a l l ed  i n  t h e  ex tens ion  assembly. A f t e r  t h e  recovery  s y s t e m  
w a s  i n t e g r a t e d  wi th  t h e  complete rocket payload,  i t  w a s  impossi- 
b l e  t o  check t h e  a c t u a t i o n  c i r c u i t  f o r  proper  o p e r a t i o n ,  This  
check is necessary t o  determine o p e r a t i o n  of t h e  c i r c u i t ,  which 

10 



4 

* 
R 2  

SI 

B2 - B 3  ( S Q U I B  BATTERY) Gu.  ton 10V0.2?0, 1 2  VOLTS 
2'0 I<ILLIAkIP-YOUR CAPACITY 

R1 (INTERLAL RESTSTAFCE) . 1.8 OHMS 
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is accomplished by s i m u l a t i n g  swi t ch  c l o s u r e .  S imula t ion  is 
f u l f i l l e d  by a swi t ch  p laced  i n  p a r a l l e l  w i t h  t h e  a l t i t u d e  
swi t ches .  B a t t e r y  load check is accomplished i n  a s i m i l a r  
manner, by s i m u l a t i n g  s q u i b  a c t u a t i o n .  

i t  w a s  necessary t o  disassemble t h e  parachute  c y l i n d e r  assembly 
from t h e  payload. This w a s  no t  p r a c t i c a l  as t h e  complete pay- 
load  w a s  j eopa rd ized ,  and a cons ide rab le  amount of time was i n -  
volved. 

I n  order  t o  g a i n  access  t o  the  former a c t u a t o r  c i r c u i t  box, 

The modified (p re sen t )  a c t u a t i o n  c i r c u i t  box (see F igure  8 )  
is f a b r i c a t e d  on an access  door which is mounted on t h e  ex ten-  
s i o n  cy l inde r .  This  a l lows t h e  a c t u a t i o n  c i r c u i t  t o  be removed 
i n t a c t  without  s e p a r a t i n g  t h e  payload (see  F igure  9).  Easy  
access permi ts  complete checkout of t h e  a c t u a t i o n  c i r c u i t ,  ba t -  
t e r y  charg ing ,  or complete replacement of t h e  a c t u a t i o n  box. 
The modified parachute  a c t u a t i o n  c i r c u i t  schematic  diagram is 
shown i n  Figure 10. 

CONCLUSION 

A s  a r e s u l t  of t h e s e  mechanical and electr ical  modifica- 
t i o n s ,  12  s u c c e s s f u l  r o c k e t s  have been flown. The mechanical 
adap ta t ion  has proven i t s e l f  t o  meet t h e  exper imenters '  re- 
quirements of p r e s s u r i z e d  payloads.  The e l e c t r i c a l  a d a p t a t i o n  
has provided e a s y  a c c e s s ,  more r e l i a b l e  components, and checkout 
c a p a b i l i t y ,  without  compromising space  or weight.  I n  bo th  c a s e s ,  
100% success  has  been achieved and both m o d i f i c a t i o n s  now appear 
on a l l  Aerobee r o c k e t s .  
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